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Despite the rapid rise in the number of drones in the past few years, there has been little work 
is one that the Heavy Lift Drone (HLD) fills - a light-weight, higher payload capability, and inexpensive 
drone to be used in commercial applications - most notably irrigation monitoring. The HLD is a contra-
rotating hexagonal configuration system featuring two levels of propellers that allow for larger propeller 
diameter and generate greater lift. After performing extensive finite element analyses and material testing, 
as well as the design, assembly, and flight test of a quadcopter prototype, the equipment, electronics, and 
components to be used on the final HLD were chosen. The four individual subsystems - mechanical, 
aerospace, electronics, and software - were each addressed and analyzed separately. It was found that the 
inclusion of the ducts (shrouds) around the propellers does indeed increase the lift of the drone by a factor 
of 14.7%. Additionally, the final projected cost for the drone, including labor and volume production, was 
significantly lower than that of our direct competitors, standing at $13,921. This is nearly 8.5% lower 
than the nearest comparable drone available for sale, while also featuring a higher projected payload to 
weight ratio of 0.5, as opposed to 0.4 for the competition. Finally, the HLD utilized multiple software 
applications that were implemented for effective flight planning, automated image stitching, and analysis 
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D  -  Design  Matrix  Tables 
The  purpose  of  these  tables  were  to  outline  the  different  scores  each  design  would  be 
given  if  the  team  pursued  that  option  for  a  build.  These  tables  appeared  in  graphical  form  in  the 
main  thesis  to  better  illustrate  the  weights  on  scoring  for  each  design. 
 
Table  D.1  Scoring  Matrix  for  Fabrication.  Colors  indicate  a  “weight”.  The  darker  the  shade  of 
green  the  more  important  a  factor  is,  and  thus  gets  multiplied  by   x1,  x2  or  x3.  Higher  Total  ⇒ 
better  performance.  This  table  also  adds  the  Physical  Properties  total  to  get  an  aggregate  score 
for  the  entire  design. 
Rank 
(1-5) 
Time  to 
Fabricate 
Ease  of 
Assembly  
Ease  of 
Fabrication 
Cost  Physical  Total Total 
(with  weighting) 
Design  1 1 3 4 2 27 51 
Design  2 3 4 3 2 23 54 
Design  3 3 4 4 3 31 66 
Design  4 3 4 4 3 33 68 






Table  D.2  Scoring  Matrix  for  Physical  Properties.  Colors  indicate  a  “weight”.  The  darker  the 
shade  of  green  the  more  important  a  factor  is,  and  thus  gets  multiplied  by   x1,  x2  or  x3.  Higher 
Total  ⇒   better  performance. 
Rank 
(1-5) 
Mass Strength Weather 
Resistant 




Physical  Total 
(with  weighting) 
Design  1 1 3 4 3 4 27 
Design  2 3 2 1 3 3 23 
Design  3 3 3 2 4 3 31 
Design  4 4 3 2 4 4 33 





E  -  Material  Testing  Specimen  Results 
In  these  figures,  the  fractured  state  for  several  of  the  material  tests  are  shown  in  order  to 
exhibit  the  results  and  behavior  of  the  specimen  under  tensile  and  bending  conditions.  The 
specimens  were  3D  printed  from  Carbon  Fiber  Filament  at  20%  volume  infill  as  well  as  PETG 
filament  at  20%  and  50%  volume  infill. 
 





Figure  E2:  Fracture  State  of  specimen  from  PETG  filament  with  20%  infill. 
 
 





Figure  E4:  Bending  failure  state  of  specimen  from  Carbon  Fiber  filament  with  20%  infill. 
 
 




F  -  Additional  Solidworks  Simulations 
 
Figure  F1:  Motor  Mount  design  before  weight  optimization 
 
 





Figure  F3:  Wide  View  of  half  of  the  26  inch  propeller  in  an  initial  test  where  the  cross 
flow  of  283  ft/s 
 




G  -  Electrical 
This  section  outlines  the  various  designs  that  were  implemented  to  create  the  electrical 
subsystem  on  the  drone. 
 















Figure  G4:  T-Motor  U8  II  motor  data  (Image  from  tmotor.com). 
 
Table  G1.  Propulsion  substructure  requirements  outline. 
Part Specs  Needed  Actual Distributor  
Motor 24V  max 22.2V  nominal,  24V  max T-Motor 
ESC 43.7A  peak  current 60A  continuous  current T-Motor 
PDB 262.2A  maximum  current 480A  maximum  current T-Motor 







Table  G2.  Semi-autonomous  component  requirements. 
Part Specs  Needed  Actual Distributor 
Transmitter Send  signal,  5CH 
minimum 
2.4GHz,  10CH Flysky 
Receiver Receive  signal,  5CH 
minimum 




Table  G3.  Autonomous  component  requirements. 
Part Specs  Needed  Actual Distributor 
Flight 
Controller 
Control  12  motors 
 
 
Support  of  peripherals 
 
6  motors  controlled 
successfully 
Holybro 











H  -  Software 
This  section  lists  codes  that  are  not  archived  in  SVN  within  the  RSL. 
 
 
Figure  H1:  FLIR  Duo  R  configuration  for  QGroundControl  in 
qgroundcontrol/src/FirmwarePlugin/FirmwarePlugin.cc 
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